Cervical liquid-based cytology plays an important role in the diagnosis of cervical squamous intraepithelial lesion (SIL). However, cytological evaluation alone has a relatively low sensitive. To overcome this problem, HPV DNA testing or HPV DNA combined with cytology has been applied. HPV DNA testing significantly improved the sensitivity, but the specificity is low, especially in cancer and high-grade SIL (HSIL) cases. The aim of this study was to evaluate the diagnostic utility of p16 overexpression in cervical cells of patients with HSIL and cancer. The expression of p16 was detected by immunostaining in liquid-based cells from cervical brushing in 278 patients which including: Cancer (n ¼ 13), HSIL (n ¼ 112), low-grade SIL (LSIL) (n ¼ 45), and Benign (n ¼ 108). The expression levels of p16 were significantly higher in the cancer and HSIL groups when compared with the LSIL and Benign groups (P < 0.01). The accurate diagnostic rates of cancer and HSIL were significantly increased by p16 immunostaining plus cytology than that by cytology alone (P < 0.01). The false negative or false positive of p16 immunostaining occurred with a unicellular pattern. With sensitivity of 96.0% and accuracy of 91.7%, the diagnostic performance of p16 immunostaining was much better than that of cytology alone with sensitivity of 36.0% and accuracy of 70.9% (P < 0.01). p16 immunostaining in cervical brushing cells may not only be used as an ancillary tool to cytological diagnosis of cervical neoplasia but also help to distinguish HSIL from LSIL and the triage of transient infection.
Introduction
The cytological concept of cervical high-grade squamous intraepithelial lesion (HSIL) was first proposed by authors of TBS (The Bethesda system for reporting cervical/vaginal cytologic diagnoses) in 1989 1 , which included cervical intraepithelial neoplasia (CIN)2 and CIN3 that determined by histological biopsy. This is based on the fact that the biological behavior and treatment principles of CIN2 and CIN3 are basically the same, and the reproducibility of differentiating them is poor. In 2012, the lower anogenital squamous terminology standardization (LAST), and in 2014 the World Health Organization (WHO) also, recommended using the histological terminology low-grade and high-grade squamous intraepithelial lesion (LSIL and HSIL), respectively, for reporting human papillomaviruses (HPV)-related squamous lesions 2, 3 . This two-tiered system of LSIL and HSIL is superior to the three-tiered system of CIN1, CIN2, and CIN3, which reflects our latest knowledge of HPV pathogenesis: LSIL is associated with transit infection and low-risk progression, while HSIL is associated with persistent infection and high risk of progression to cancer 4, 5 . In current histological pathology practice, traditional CIN2 cases are further classified based on p16 expression: p16-positive cases are classified into HSIL, while negative cases are classified into LSIL. This CIN2/ p16-negative LSIL does not require immediate clinical intervention, but only close follow-up. This important role of p16 immunostaining is not widely adopted in cytopathological practice.
P16, a cyclin-dependent kinase inhibitor, plays an important role in cell cycle regulation by decelerating cells progression from G1 phase to S phase. It is usually expressed at low concentration in healthy cells, but is overexpressed in the cervical cell of both HSIL and cancer 6, 7 . Normally, p16 inhibits CDK4/6 that phosphorylates retinoblastoma protein (pRB). Once phosphorylated, pRB disassociates from the transcription factor E2F (E2F), and then E2F enters the nucleus and promotes the transcription of target genes that are essential for transition from G1 to S phase. Thus, p16 acts as a tumor suppressor by binding to CDK4/6 8 . In the cells with HPV infections, viral oncoprotein E7 integrates with host genome and binds with pRB. Once pRB function is inactivated, E2F is released from the sequestration of p16, enters the nucleus, and accelerates cells progression from G1 phase to S phase 9 . Consequently, functional inactivation of pRB leads to reflex upregulation of p16 by a negative transcriptional feedback mechanism 10, 11 . There is a tight relationship between the overexpression of p16 and the activation of E7 protein. Furthermore, the overexpression of p16 is used as a good indicator for high-risk HPV (hrHPV) persistent infections in vivo.
More and more publications reported that p16 immunostaining plays an important role in the distinction of HSIL from LSIL, as well as in differentiating persistent infections from transient infections of hrHPV [12] [13] [14] . Thus, the diagnosis of cervical HSIL has been developed from simple morphological diagnosis to morphology combined with molecular detection, and the combination has significantly increased the accuracy of diagnosis 13, 15, 16 . Currently, p16 immunostaining is limited to cervical biopsies or excision samples; both are invasive procedures. Cervical brushing is a minimally invasive procedure. Once the cytology result is negative, which happens in the majority of patients, no subsequent biopsies are needed. The aim of this study was to evaluate the impact of combined cytolomorphology and p16 immunostaining in liquid-based samples for cervical cancer and HSIL diagnosis.
Materials and Methods

Patient Recruitment and Sample Collection
The study was conducted according to the guidelines of the institutional review boards at the First Hospital of China Medical University, and we have obtained internal review board approval and/or patients' informed consent for this study. A total 125 patients with Cancer and HSIL and an additional 153 randomly selected patients with LSIL and Benign were recruited for this study. The cervical brushing cell samples were collected by the laboratory of cytopathology in the First Hospital of China Medical University during the period March 1, 2017-March 23, 2017. The ages ranged from 24 to 87 years old with an average age of 45.46 years. All patients in this study had both cytological and histological (biopsy or postoperative biopsy) diagnoses; the comparison of the two diagnostic results is shown in Table 1 . The study subjects with LSIL and Benign by histological diagnoses were followed up for 1 year.
Cytology Preparation, Staining, and Screening
Liquid-based cytology technology was used for cytological preparation. Two slides were automatically prepared for all 278 cases (BD Tripath, Burlington, NC, USA); one was used for the Papanicolaou method stained using SurePath. The other slide was for p16 immunocytochemical staining. The cytological diagnosis was assessed to two independent cytologists. The results were interpreted according to the 2015 Bethesda System. Cancer, invasive carcinoma; HSIL, high-grade squamous intraepithelial lesion; LSIL, low-grade squamous intraepithelial lesion; NILM, negative for intraepithelial lesion or malignancy; Benign, no intraepithelial lesion.
Immunocytochemical Staining
Slides were stained in an automated immunostainer (Automated immunocytochemical staining system; Jiang Yuan Medical, Guangzhou, China), according to the manufacturer's protocol. p16 (Anti-CDKN2A/p16INK4a, act# ab189302) antibody was purchased from Abcam (Cambridge, MA, USA) and used at 1:500. Two independent cytopathologists blindly assessed the immunostaining results. The key for the evaluation was: nuclear with/out cytoplasmic staining was considered as positive cells. Negative results were defined as confined cytoplasmic staining, and weak staining that was almost identical to background. Staining intensity was not taken into account in determining a p16-positive result. The p16-positive slides were carefully evaluated according to the four criteria of nuclear score proposed by Wentzensen et al 17 . These four criteria are: Increased nuclear/cytoplasmic ratio, Chromatin granule, Irregular nuclear shape, and Anisonucleosis. p16-positive cells without any further sign of nuclear alterations were given a score of 1. Cells with mild nuclear abnormalities that displayed only one of the features mentioned above were given a score of 2. Cells with an increased nuclear/cytoplasmic ratio (> 50%) and with one additional positive criterion were given a score of 3. All cells with an increased nuclear/cytoplasmic ratio and more than one additional positive criterion were given a score of 4. A score of 0 was rated for cases without any p16-positive cells. Any one nucleus with score >2 was regarded as positive. According to the distribution patterns of p16-positive cells, each case was further categorized into three groups: Flake, Patchy, and Unicellular. The Flake group was defined by cells' distribution as flake clusters with most of cells positive; the Patchy group was defined by cells distributed as alternating clusters by either positively or negatively stained cells with a few cells positive; the Unicellular group was defined by single-cell positive cells.
Colposcopy and Histological Diagnoses
All patients positive for HPV16 or 18 were examined by colposcopy and underwent cervical biopsy; biopsy samples were obtained within 4 weeks after the initial HPV DNA tests. Histological diagnosis was made by two experienced pathologists. The histological biopsy results were categorized into four general groups: Benign (including no pathologic alteration and benign or reactive changes), LSIL (including CIN1 and CIN2 of p16-), HSIL (including CIN2 of p16þ, CIN3, and squamous cell carcinoma in situ, and/or involving glands), and Cancer (invasive carcinoma). In patients who had more than one tissue sample, the highest grade diagnosis was recorded.
Statistical Analysis
The SPSS 16.0 statistical software package (SPSS, Inc. Chicago, IL, USA) was used for all data analyses. The chisquare test or Fisher's exact test was used to compare expression of p16 between each two different groups. Diagnostic utility for p16 expression results were calculated and compared with those for cytological results. For result comparison between p16 imunostaining and cytology, we used McNemar's test. The diagnostic performance of p16 imunostaining and cytology were assessed by computing sensitivity, specificity, and accuracy. The level of statistical significance was set at P < 0.05.
Results
The Results of p16 Immunostaining and Cytological Diagnosis Table 1 showed the comparison of cytological and histological diagnostic results. The study patients with LSIL and Benign by histological diagnoses were followed up for 1 year. The results of p16 immunostaining and cytological diagnosis in cervical cells of patients with carcinoma, dysplasia, and no intraepithelial lesion are presented in Table 2 . The positive immunostaining expression levels of p16 were significantly higher in cancer and HSIL groups than that in LSIL and Benign groups (P < 0.01). Table 2 shows a more detailed comparison between the cytological screening results and the p16 immunostaining Fig. 1A and B) . Thus, the diagnostic rates for cancer and HSIL were significantly increased by p16 immunostaining compared with cytology alone (P < 0.01). In the LSIL and Benign groups, there were a few lesions also positive for p16 immunostaining; however, there was no statistical significance. The pattern of p16-positive cells provided some clue for identifying a false negative. We found that most false negatives for p16 expression occurred with a Unicellular pattern (Fig. 1C and D) . Table 3 showed the comparison of diagnostic accuracy between p16 immunocytochemistry and cytology (based on histological diagnosis of cervical dysplasia and carcinoma). According to the triage principle of the cervical intraepithelial lesion, HSIL requires intervention, while LSIL usually takes follow-up observation. We used Cancer and HSIL as positive cases, and LSIL and Benign as negative cases. The diagnostic efficiency of cytological screening and p16 detection was then calculated. With sensitivity 96.0% and accuracy 91.7%, the diagnostic performance of p16 immunostaining was much better than that of cytology alone with sensitivity 36.0% and accuracy 70.9% (P < 0.01).
Detailed Comparison of p16 Immunostaining and Cytological Diagnosis
Diagnostic Performance of p16 Immunostaining and Cytological Diagnosis
Discussion
Cervical cytology is an important method for cervical cancer screening, and is also the main triage tool for cervical intraepithelial lesion 18 . However, in the real world, the screening is not only for cervical cancer, but also for cervical precancerous lesions. The identification of cervical cancer means that the lesion is already in the stage of invasion, the survival rates of patients are significantly reduced, and the goal of early diagnosis and early treatment is missed. Therefore, the most important aim of cervical cytology is to identify the key target HSIL for early treatment.
One major advantage of cytology is that it is minimally invasive when compared with the invasive procedures of surgical biopsy. However, the obvious disadvantages of cytology screening are low sensitivity 19 and its inability to further differentiate whether CIN2 lesions belong to HSIL or belong to LSIL 20 . In our cohort, many HSIL cases but only few LSIL cases were misinterpreted by cytology. The misinterpretation of HSIL is partly because of the small size of HSIL cells, and the 3D crowded hyperchromatic clusters make evaluation of individual cells difficult 21 . HSIL cells are easily missed (false negative results) when they coexist with LSIL cells, metaplastic cells, repair cells, and atrophic cells; Solomon et al. reported that an estimated 15% of HSIL usually were hidden in the LSIL group 21 . In our study, 77 out of the 112 HSIL cases were misinterpreted as ASC-H (41), LSIL (9), ASC-US (11), and NILM (16) ( Table 1) by cytological evaluation alone; but 72 out of 77 HSIL cases were correct when p16 immunostaining was incorporated into the cytological evaluation. Many countries apply HPV DNA or HPV DNA combined with cytology to improve the sensitivity of cervical cancer screening. However, the HPV DNA test is only a qualitative test. It is not able to distinguish the severity of lesions (HSIL vs. LSIL), nor differentiate transit infection from persistent infection. Consequently, the HPV DNA test is not helpful for making the decision for intervention or close follow-up. Because the cytomorphology of HSIL and atrophic cells is sometimes quite similar, cytological diagnosis based on morphology alone may be a diagnostic challenge, especially when the atrophic cells present as hyperchromatic crowded groups (HCGs) of cells and are easily mistaken for HSIL. In our study, 9 out of the 108 Benign cases were misinterpreted as HSIL (1) and ASC-H (8) ( Table 1 ) by cytological evaluation alone; but 8 out of 9 Benign cases were correctly identified when p16 immunostaining was incorporated into the cytological evaluation. Therefore, a reliable detection method is urgently needed to assist the cytological screening of HSIL cells.
Both LAST and WHO recommend that overexpression of p16 should be used as an important marker for HSIL or worse lesions. For the category of CIN2 cases, HSIL must be differentiated from LSIL by p16 immunostaining, not by morphology alone 2, 3 . In the present study, the sensitivity of screening HSIL or worse lesion by p16 was significantly increased compared with cytology alone. Our results indicated that p16 is an ideal marker for screening HSIL or worse lesion.
In some cases of HSIL that are difficult to diagnose, p16 plays an important role for decision making. For example, in HCGs type, most of the cells are crowded and overlapped, so the cell's nuclear membrane and the nuclear outline cannot be clearly displayed. Even using the method of regulating the microhelix of microscope or by observation of the cells at the HCG's margins following the TBS guide, the results are still not satisfactory 22 . In our study, 37 cases were cytologically diagnosed as HCGs type out of 41 cases of ASC-H (Fig. 1E) . The small or single scattered HSIL cells are very easily overlooked, especially under low magnification or when cytologists are visually fatigued. In this study, 16 HSIL cases were misdiagnosed as NILM by cytological observation only, and all 16 cases were small or single scattered HSIL cells in the distribution type. In addition, when HSIL cells, LSIL cells, metaplastic cells, repair cells, and atrophic cells coexist, HSIL cells (Fig. 1G , metaplastic type) were very easily missed because of the interference from other cells. In the present study, 17 HSIL cases were diagnosed coexisting with other cells in LSIL or ASC-US (total 20 cases). However, p16 detection did not omit any lesion cells (Fig.  1F) and there was no interference by any factors (Fig. 1H) . Even if HSIL cells are mixed with other cells, they can be clearly distinguished. In this study, 13 of 45 cases of LSIL were also positive for p16. These 13 cases must be false positive or some of the lesions were in a persistent infection state in hrHPV, which will need further close follow-up in the future. In addition, the specificity of p16 for detecting HSIL and Cancer was significantly higher than that reported in other literature 8 . This might be because of the interpretation of the p16 results, which was completely undertaken by cytology experts with a good morphological basis.
Conclusion
In summary, the current the cytological screening of cervical cells of patients with dysplasia and carcinoma has high specificity but low sensitivity, while HPV DNA testing has improved the sensitivity. However, both techniques cannot specifically identify HSIL or worse. In the current study, p16 detection in cervical cells of patients with HSIL and Cancer may have better diagnostic performance than cytology, with sensitivity of 96.0% and accuracy of 91.7%. Our results demonstrated that p16 immunostaining in cervical brushing cells may not only be used as an ancillary tool to cytological diagnosis of cervical HSIL or worse, but also help to determine the triage of LSIL and Benign.
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